Various organizations have endeavored to develop assessment methods for the identification and management of weaknesses in hospital disaster preparedness. Although the largest number of patients receive their regular care at the primary level, there is no internationally validated tool for the rapid safety assessment of primary health care centers (PHC). Flooding accounts for almost 50% of all disasters related to weather, and climate models consider these events as highly probable in the future. In May 2014, heavy rain caused floods affecting around 1.6 million people in Serbia, leaving the municipality of Obrenovac most severely impacted. This paper aims at assessing the safety of PHC Obrenovac using the Hospital Safety Index (HSI), evaluating the usefulness of HSI for safety assessment of PHCs, and drawing lessons from the 2014 floods. PHC Obrenovac had an overall safety index of 0.82, with structural, nonstructural safety, and disaster management indices of 0.95, 0.74, and 0.75, respectively, implying it is likely to function in disasters. A detailed analysis of individual HSI items underlined the necessary improvements in the field of emergency power and water supply, telecommunication, and emergency medical supplies, which rendered the PHC nonfunctional during the 2014 floods. Most items were considered of same relevance for primary healthcare centers as for hospitals, excluding some items in the medical equipment, patient care, and support services. Fine-tuning the HSI to primary healthcare settings, officially translating it into different languages, facilitating scoring and analysis could result in a valid safety evaluation tool of primary healthcare facilities.
Introduction
The Hyogo Framework for Action calls to "Integrate disaster risk reduction into the health sector… and implement mitigation measures to reinforce existing health facilities, particularly those providing primary health care" [1] . As one of the priorities at the national and local levels, the Sendai Framework for Disaster Risk Reduction 2015-2030 recommends "To enhance the resilience of national health systems, by integrating disaster risk management into primary, secondary and tertiary health care, especially at the local level…" [2] . It is the job of local governments to provide essential services to their citizens and communities, such as health care, which need to be resilient to disasters [3] . Although the largest number of patients receive their regular care at the primary level, there is no internationally validated tool for the rapid safety assessment of primary health care centers (PHC) [4] [5] [6] .
Different scientists and organizations have put an effort to develop assessment methods to facilitate the identification and management of weaknesses in hospital disaster preparedness. Higgins et al. (2004) assessed preparedness of hospitals in Kentucky (USA) using an instrument based on the Mass Casualty Disaster Plan Checklist [7] . Adini et al. (2006) analyzed various models for assessing the emergency preparedness of hospitals in masscasualty incidents [8] . A comparison of an on-site survey, directly observed drill performance, and video analysiss of teamwork was done in 6 Los Angeles County hospitals by Kaji et al (2008) [9] . Lazar et al. (2009) endorse the use of measurable, evidence-base benchmarks and objective standards in hospital emergency management [10] . Top et al. (2010) examined the disaster plans of hospitals throughout Turkey using this method to estimate the preparedness for possible disasters [11] . World Health Organization (WHO) has developed the Hospital Safety Index (HSI), which is a validated, international, multi-risk assessment tool which allows for standardized comparisons of hospital safety levels [12] . The HSI has been used to assess hospital safety around the world, and studies evaluating up to several hundred hospitals have been published [13] [14] [15] [16] . In Italy, Aiello et al. (2012) developed a simplified methodology based on the HSI to map the seismic risk for hospital buildings taking into account the specific national features, while Miniati and Iasio (2014) proposed a methodology which considered the complexity of the hospital system while leveraging the rapid assessment provided by the WHO evaluation forms, and applied it to 5 most important hospitals in the Province of Florence in the scenarios of earthquakes and floods [17, 18] .
The preparation to care for populations with chronic health conditions during disasters has been identified as a key issue in disaster preparedness [19] . The high burden of chronic diseases such as hypertension and diabetes has emphasized the need to develop disaster planning for such populations [19] [20] [21] [22] [23] . In a recent literature review regarding primary health care and disasters, Redwood Campbell et al (2011) underline the difficulty of defining "primary health care", with the most common definition including care provided by physicians and activities such as "gatekeeper" (access to secondary and tertiary care), immunizations, prescriptions, and provision of basic medical services. The authors emphasize a lack of literature focusing on DRR, preparedness and recovery concerning PHCs [24] . There is only one paper dealing with the risk assessment of a PHC's service interruption during a disaster, providing a simplified and specific assessment procedure for the flood hazard in Sudan [25] .
Floods have resulted in extensive mortality and morbidity throughout the world, and can be considered one of the most common natural disaster [26, 27] . Between 1995 and 2004 there has been an average of 127 floods per year, rising to 171 between 2005 and 2014. This number accounted for almost 50% of all disasters related to weather [28] . It has been estimated that flooding has taken more than 200,000 lives and affected almost 3 billion people worldwide [5] . Climate models consider high volume of rainfall and consequent flooding events highly probable in the future, thus underlining the importance of this kind of disaster [29, 30] . Information on the influence of floods on the primary health care systems is lacking, and has not been well documented [5, 31] . In the second half of May 2014, a low-pressure system named "Yvette" caused heavy rains to fall on Serbia. In one week, rainfall equivalent to 3 months of rain under normal conditions caused a rapid and substantial increase in water levels of main rivers in this area. It was estimated that the floods had affected around 1.6 million of people living in 38 municipalities/cities mostly located in central and western Serbia, among which the municipality of Obrenovac was most severely impacted [32] .
This study aims at assessing the safety and disaster preparedness of the Obrenovac PHC using the HSI, evaluating the usefulness of HSI for the safety assessment of PHCs, and discussing these results taking into account this health care facility's functioning during the 2014 floods. 
Methods

The setting
Hospital Safety Index
The Hospital Safety Index (HSI) is a tool for rapid, reliable and cost-effective diagnostic of the structural safety, non-structural safety and functional capacity of a hospital in 151 areas [12] . The 151 variable, each with three safety levels (Low = "Unlikely to function", Average = "Likely to function", and High = "Highly likely to function") are divided into four sections/modules: geographic location of the hospital, structural safety, nonstructural safety, emergency and disaster management. Its origins begin with efforts from the Pan American Health Organization (PAHO) and the Latin America countries, but its reach has spread, and the HSI was applied extensively in other regions (including Europe) after the global campaign for hospitals safe from disasters [18, 33, 34] . Calculating the safety score allows the hospital to establish maintenance and monitoring routines and consider various necessary measures to improve safety in the medium term.
The total score for the healthcare facility can be in one of the three classifications regarding safety:
• Classification A: Considered to be able to safely continue their activities in case of disasters (safety index 0.66-1.00)
• Classification B: Considered to be able to resist against a crisis, but their equipment and vital services are exposed to danger (safety index 0.36-0.65) 
Calculation
The total score and scores for each module were calculated using the Hospital Safety Index excel file (July 2017 version), which was kindly provided to us by the WHO Health Emergencies Programme office (Geneva, Switzerland, personal communication). The Excel file contains four sheets. The first one contains the weighted contribution of each question to the corresponding module, the second sheet is the questionnaire, the third sheet shows the summary of safety ratings, and the fourth sheet contains the inform on module-specific safety index and the overall hospital safety index. Each module's contribution to the overall safety index was set to 1/3 (equal contribution of all three modules).
Evaluation of the Hospital safety index as a tool for primary healthcare centers' safety assessment
During the structured interviews with the PHC Obrenovac management and staff, each of the HSI modules, as well as all underlying questions were evaluated as for their relevance for the functioning of a primary healthcare facility. Three levels of relevance were attributed to each question:
• High: questions which have the same relevance for primary healthcare centers as for hospitals during disasters 
Results
Being a multi-risk assessment tool, the first part of the HSI evaluates the hazards, which could affect the safety of the hospital and the role of the hospital in emergency and disaster management. Floods have been identified as the main hazard that could affect the hospital.
Earthquakes and landslides could also be of interest and have a history of occurring in Serbia.
Other geological, hydro-meteorological, biological, technological, and societal hazards were not considered of importance for this PHC. Each of the HSI questions was rated by the study team according to their relevance to the primary healthcare center's functioning during a disaster. Three levels of relevance: "High," "Low," and "Not relevant" were attributed to each question (see Section 2.4.). Table 1 shows the overall safety index, the indices for structural safety, nonstructural safety, and emergency and disaster management, together with the number of items falling into the three safety categories (see Section 2.2.). The overall safety of PHC Obrenovac fell into the A category, with an overall safety index of 0.82. Structural safety, nonstructural safety, and emergency and disaster management achieved scores of 0.95, 0.74, and 0.75, respectively.
Overall hospital safety
Structural safety
This module has been designed to be used to address the structural elements, such as columns, beams, walls, floor slabs, foundations that form part of the load-bearing system of the buildings. Good structural safety implies that there is a low probability any of the abovementioned elements would fail in case of a disaster. Table 2 shows the overview of the structural safety HSI results of PHC Obrenovac. The structural safety of this health facility achieved the highest score among the modules (0.95) with no items with low safety, only one item with average safety and 17 items with high safety. Only structural system design (under the building integrity category) was scored as "average."
All questions in the structural safety module were considered of "High" relevance. As this module evaluates the possibility of structural failure (e.g., collapse of the building) during a disaster, there were no differences found in the relevance of individual questions between hospitals and primary healthcare centers.
Nonstructural safety
The nonstructural safety module of the HSI includes four submodules: architectural safety; infrastructure protection, access, and physical security; critical systems; and equipment and supplies. These elements are considered critical to the functioning of the hospital, but do not belong to the structural component of the HSI, which is concentrated more on the loadbearing system of the hospital buildings. Table 3 shows the overview of the nonstructural safety HSI results of PHC Obrenovac. The majority of items in all sub-categories were scored as high, although several sub-categories had up to 15 items evaluated as low or average, mostly in the architectural safety and critical systems categories. In architectural safety, four items were scored as average, while in critical systems, 8 and 7 items were evaluated as average and low, respectively. The "unlikely to function" items were in the categories of electrical, telecommunications, water supply systems. In the equipment and supplies, category 2 and 4 items were evaluated as average and low, respectively, located in the categories of office and storeroom furnishings and equipment. Insecure furnishings and equipment in offices and storerooms, which could pose a hazard in case of disasters, as well as the lack of medical and laboratory equipment and supplies used for diagnosis and treatment of patients to guarantee at least 72 hours of uninterrupted service at the maximum capacity, were also identified as weaknesses of PHC Obrenovac.
The majority of items in the module on nonstructural safety were considered of the same relevance for primary healthcare centers as they are for hospitals. Differences were seen in the "medical gases system" category where all questions were marked as of "low" relevance.
There were notable differences in the "medical and laboratory equipment and supplies used for diagnosis and treatment" category, where most of the questions were rated as "low" or "not relevant" for primary healthcare center's functioning. Table 4 shows the overview of the emergency and disaster management HSI results of PHC Obrenovac. The majority of items in various categories were scored as "highly likely to function," although several categories contained items which point to improvements to be made. All items in the coordination of emergency and disaster management activities category have been scored as "high," which underlines the PHC's readiness for disasters from the management point of view. Most items not likely to function were found in the evacuation, decontamination and security category, while most items scored as average were found in the hospital emergency and disaster response planning, logistics and finance, and human resources categories.
Emergency and disaster management
In the "emergency and disaster management" module, four items were marked as of "low" relevance in the "patient care and support services" and "evacuation, decontamination, and security" categories (2 in each category).
The evaluation of each question regarding the relevance to primary health care services is presented in Supplementary Tables S1, S2, and S3. 
Discussion
In May 2014, floods struck Serbia, with the municipality of Obrenovac most severely affected. By the end of the day one, healthcare services provided by PHC Obrenovac stopped completely. Water barriers disabled transport around, in and out of the city, with an increased need for primary healthcare services, among which the highest demand came from chronic disease patients, people with diabetes, especially hemodialysis patients, and injured people.
This study analyzes the safety and disaster preparedness of the PHC in Obrenovac using the Hospital Safety Index, a tool developed by the WHO to rapidly assess the safety of hospitals.
The structural, nonstructural, and emergency and disaster management modules were scored relatively high, putting PHC Obrenovac into the "A" category for safety. Regardless of the overall score, much was learned taking a more detailed look at the individual modules, with their categories, sub-categories, and questions. The building of PHC Obrenovac was constructed in 1952 following the structural safety standards of Yugoslavia at that time.
Nevertheless, its structural safety received the highest score of 0.95. There was no significant structural damage to the building due to the floods in the past, and structural safety was not considered a vulnerability of the PHC. Figure 2 shows the flooded PHC building during the floods of 2014, and although the building was flooded, no structural safety problems were identified. In a case study from Sudan, structural safety, reflected in significant damage by flooding and need for renovation, contributed to one-third of the vulnerability of the buildings [25] . Investments in hospitals' physical safety, in a study from Iran, resulted in significant improvements in this area in just three years (2012 to 2015), moving the average safety score from 34 to 43 [14] . In fact, what the use of the HSI in this setting revealed was that the failure of the PHC to function during the 2014 floods was due to functional failures, which are considered a cornerstone of a health facility's preparedness [35] .
Primary healthcare center Obrenovac received a score of 0.74 in the nonstructural safety module of the HSI, which is considered a high score, although in this module a number of items were scored "low" or "average." In architectural safety, some items were scored as average due to the damage the building had sustained during the 2014 floods, and due to the fact it was built more than 60 years ago with irregular investments in repairs and improvements of the doors (above all exits and entrances), windows, shutters, and the roof. In critical systems, the safety score was not high due to the lack of resources to maintain and restore the electric power supply, and due to the fact, there is only one entrance for the local power supply.
Safety was estimated as low for the condition of the telecommunication systems and lack of alternative communications systems, and due to inadequate condition and protection of the external and internal communications systems. Most low ratings were given to the water supply system, as the water reserves would not allow 72 hours of functioning, the supplementary pumping system lacks, and problems are expected in the restoration of water supply. This analysis has underlined the importance of an adequate water supply system, as it is considered one of the main factors impacting the provision of health services [36, 37] . In a study of water and power supply in the Greek islands, only half had water backup systems that would last for at least 72 hours (mostly in hospitals), with lower level health facilities less likely to have emergency water supplies [38] .
In critical systems, the HSI has identified the backup power supply and its location as a weak point of PHC Obrenovac. In fact, during the 2014 floods, the backup power supply was rendered useless early, as it was located at the lowest level of the building, which was flooded first. The same lesson was learned from the 2002 Dresden flooding in Germany, where the authors noted that the power supply should not be positioned in places that are prone to flooding [39] .
Another weak point, telecommunications, was also obvious during the floods, when all landlines, mobile phones, and the radio connection were lost as the electricity was out in the whole city, and the medical staff, together with the evacuated people, had no communication with the outside world except through rescue boats evacuating people from their homes. In a wide evaluation of the safety of hospitals in Iran, all health centers were found to have a fully functional and ready communication system in case of disasters [25] . This was achieved by a public-private partnership of the Ministry of Health and private communication companies, which provided a free of charge communication system to all health facilities down to the level of health centers. In the 21 st century, there is a vast quantity of technologies which can be used in flood disaster risk reduction, including social media, mapping platforms, and crowdsourcing, as well as many tools for live data collection, analysis and risk assessment [40] .
It is well established that the availability of medical equipment and supplies is crucial for a hospital's capacity during disasters [41] [42] [43] , although data for PHCs is not available and could represent an interesting area of research [5] . During the 2014 floods in, all of the basement and ground floor rooms and services of PHC Obrenovac have been fully flooded by the end of day one, together with the storage of sanitary material and pharmaceutical products, as well as the cleaning and technical services (see Figures 3 and 4) . In a semiquantitative risk assessment model of primary health care service interruption during floods, the availability of essential drugs and supplies has been underlined as one of the important variables of a facility's capacity to cope with a disaster [25] . It is interesting to note that, in a study utilizing HSI, the lowest safety index for hospitals in Teheran (Iran) was found in the medical and laboratory equipment and supplies used for diagnosis and treatment, compared to the lowest safety index in the critical systems in Stockholm (Sweden) hospitals [15] .
Emergency and disaster management module of the HSI has demonstrated the adequate preparedness of PHC Obrenovac for hazards, which could be attributed to the recent flood of 2014 and the activities done during and after this disaster. Nevertheless, improvements are still to be made to the hazard-specific sub plans, procedures to activate and deactivate these plans, emergency and disaster response plan exercises, as well as the hospital recovery plan.
Logistics and finance category might require most improvement, as arrangements with local suppliers and vendors, transportation, food and drinking water, and financial resources exist but are not considered operational by the emergency management team. During the 2014 disaster, 50-80% of staff has been available for work. Still, no guarantee exists that they would have space and wellbeing measures available for more than 72 hours of functioning.
Only staff members who had to take care of family members (due to kindergartens and schools being closed) did not show up for work in May 2014. In a detailed survey of hospital employees' attitudes and needs regarding work commitments during disasters, most (81%) were willing to respond in case of floods but underlined the importance of child and pet care, as well as phone and email access [44] . The importance of communication has been underlined before, but having in mind the need for child and pet care for hospital staff should be taken into account in DRR for primary healthcare centers. In addition, much improvement is needed in the field of personal protective equipment for the hospital staff in the case of chemical/biological hazards and isolation in case of epidemics.
There is no internationally recognized and validated method to evaluate the safety of primary healthcare centers in case of disasters, although the interruption of services offered by these facilities is considered an evenly important problem as emergency response in large hospitals [19] . The HSI covers most of the factors important for this kind of evaluation, but a detailed analysis of questions and their relevance for the primary care setting is lacking. Our study underlines the usefulness of the structural safety module in primary healthcare settings but demonstrates the need for further evaluation of the nonstructural safety and emergency and disaster management modules. Most differences in the relevance of various categories and questions between primary healthcare centers and hospitals were seen in the medical gases system, as well as in the medical and laboratory equipment and supplies used for diagnosis and treatment. This result is to be expected, as primary healthcare centers serve a different purpose than hospitals. In Serbia, health services are organized through primary, secondary and tertiary care, with only some overlap between the services provided by primary (PHCs) and secondary (Hospitals) service. A PHCs role in this system, with or without disasters, remains in the diagnostic, follow-up, and non-invasive treatment, as well as triage of patients requiring treatment in a secondary or tertiary healthcare facility. Having in mind these differences, it is our belief that a modified HSI could prove to be a valuable, validated tool for safety assessment of primary healthcare facilities.
Little or no work has been done for the evaluation of hospitals' and primary healthcare facilities' safety in Serbia, as well as the South East Europe region, although the need is evident [34] . The main weaknesses of the present work, the fact that only one PHC was evaluated and that HSI, a tool intended for hospital evaluation was used, have also resulted in important insights on the use of HSI for PHC evaluation and potential directions of its development. Experiences of PHCs during disasters, such as that of Obrenovac presented in this paper, can help in developing a methodology for the identification of a PHC's role in disasters, as well as to better quantify the importance of various questions to the overall score [25] . Officially translating the HSI into different languages, organizing a self-assessment of hospitals and PHCs, similar to that done in Iran, and developing tools for easier scoring of the HSI could reveal the areas of safety where most work is needed [14] . Country-or region- 
Conclusions
The 2014 flood's total effect on health in Serbia was estimated at 5.7 million euros, with 3 million due to damages and 2.7 million due to losses, and the post-disaster needs for recovery and reconstruction were estimated to 7.1 million euros. In the 30 days from the beginning of the flood, the staff of PHC Obrenovac had done a total of 15,488 physical examinations, of which 1,697 in the emergency room, 1,549 in the pediatrics, 289 in the gynecological, 73 in the obstetrics, and around 11,000 in the internal medicine departments. More than 10,000 patients received pharmaceutical products from the humanitarian aid supplies, and almost 1,000 patients were vaccinated. This work, done in the most difficult of times, underlines the importance primary healthcare facilities for the communities to which they provide services.
In the current study, the Hospital Safety Index was, for the first time, used for the evaluation of a PHC. The results of PHC Obrenovac have revealed areas where improvements are most needed to secure adequate functioning of this facility during disasters, which has also underlined the usefulness of this instrument even in the primary healthcare setting. Items constituting HSI have been evaluated for their relevance in the safety evaluation of primary healthcare facilities, which could allow the development of a modified HSI, which could be used for this purpose, achieving the goal of safe primary healthcare facilities and no interruption of services in case of disasters. 
